A cohort of workers from a graphite mine in Sri Lanka was studied in 1987, 1990 and 1993. Radiographic lesions were found in 8.5%, 8.9% and 4.1% of the workers in these respective rounds. When workers with radiographic lesions were clinically examined, a total of 18 cases of graphite pneumoconiosis and seven cases of active pulmonary tuberculosis were detected in the three rounds. The prevalence of both these diseases showed a decline in 1993 when compared to 1987. This favourable situation was probably the result of dust control measures introduced in the mine after 1972. Five workers developed graphite pneumoconiosis in the course of the study. They had worked in the mine for an average of 22.6 years. The right lung appeared to be more vulnerable than the left.
INTRODUCTION
Sri Lanka is one of the world's leading producers of natural graphite. The supply comes from two of the largest mines in the world, namely Kahatagaha-Kolongaha and Bogala. It has many uses, but in view of its relative purity, the Sri Lankan product is specially in demand for the manufacture of industrial crucibles. Natural graphite is crystalline carbon with various mineral impurities of which free silica is the most important from a medical point of view. Natural graphite occurs as the crystalline flake type or in the form of amorphous masses which break easily.
Long-term exposure to graphite dust may induce graphite pneumoconiosis, which was recognized as a disease entity in the 1940s due mainly to the work of Dunner, 1 Dassanayake 2 and Harding and Oliver. 3 It has many points of similarity with coal worker's pneumoconiosis, and this is not surprising as both minerals are essentially carbon. A few decades ago, graphite pneumoconiosis was quite common in Sri Lanka, 2 ' 4 but now there are indications that its prevalence has declined considerably as in the case of coal worker's pneumoconiosis in many countries. It is not only underground miners who are exposed to graphite dust, but also a category of surface workers who work in the 'mill'. These mill workers, several of Correspondence and reprint requests tcr. Dr Uragoda, 78/5 Old Road, Nawala, Rajaglriya, Sri Lanka.
whom are women, are engaged in cleaning, sorting and grinding graphite. In a curing yard in Colombo, 25.6% of these surface workers had radiogTaphic lesions. 5 Hanoa 6 reviewed the available world literature on graphite pneumoconiosis up to 1983. There was only one instance in the world where the same graphite mine was surveyed twice. It was in Norway, but by two different workers 47 years apart. There has been no cohort study of graphite workers. The present study was designed to investigate, over a period of years, a cohort of underground miners and mill workers employed in the same mine.
METHODS
In 1987 the management of Bogala mine decided that in view of the high prevalence of graphite pneumoconiosis at the time, all workers with over 5 years service should have a chest radiograph every three years. Workers with less than 5 years service were excluded as they already have had a pre-employment chest radiograph. The first round was conducted in 1987, while the subsequent ones were in 1990 and 1993.
Workers x-rayed consisted of underground miners, mill workers and surface staff. The latter category of workers who were not normally exposed to graphite dust, consisted of office staff, drivers, orderlies and gardeners.
Workers who participated in the 1987 round were admitted to the study. On subsequent rounds, the cohort became reduced in size owing to some workers leaving the service on reaching retirement age of 60 years; retiring due to development of graphite pneumoconiosis; and leaving the service for any other reason.
Radiographs were taken on standard size films, and for organizational reasons this was done at a hospital close to the mine which was situated 80 km from Colombo. The films were read by two readers independently according to the International Classification. 7 Each reader was unaware of the radiographic status at the previous rounds. Where films were considered technically inadequate, radiographs were repeated at the same hospital. Workers whose films were considered by either reader to have lesions were clinically examined at the Central Chest Clinic, Colombo. Since there was a lapse of about three months before this examination took place, a fresh radiograph was taken at the clinic. A history including an occupational one was obtained. Other relevant investigations, such as sputum examination for acid fast bacilli by direct smear, sputum culture for tubercle bacilli, and total white cell and differential counts were done. Films of previous examinations were examined, and at this stage a consensus arrived at by the two readers.
RESULTS
In the first round of radiography in 1987, there was a total of 583 workers, of whom 195 were unexposed surface workers who were not considered further. The remaining 388 consisted of 275 underground and 113 mill workers, and these comprised the cohort which was examined in 1990 and 1993 (Table 1) .
Since graphite pneumoconiosis and pulmonary tuberculosis happen to be two occupational diseases associated with exposure to graphite dust, radiographic examination was used as a screening test to diagnose these diseases. Table 2 shows the distribution of radiographic lesions. Graphite pneumoconiosis was diagnosed in 13 (3.4%) workers, of whom two were previously known cases. The average age of these 11 workers was 48.4 years, while their period of service ranged from 9-30 years (average 20.7 years). Ten of them were underground miners, while one was a mill worker. The two previously known cases were first detected in 1975 and 1983 when they were 30 and 46 years of age with 8 and 26 years of service respectively. They had since then been provided with surface work.
Three of the workers with graphite pneumoconiosis opted to retire after diagnosis in 1987, while the remaining 10 continued to work. Five of them, including the previously diagnosed two cases were provided with surface work where there was no exposure to graphite dust, while the other five continued to work in the same jobs, four being underground and one in the mill.
round
When these 10 affected workers were followed up in the next round in 1990, there was no radiogTaphic deterioration in the five workers who were provided with surface work. In the case of the other five who worked in the same job, there was progress of lesions in four, while the fifth did not show any change.
In this second round, four new cases of graphite pneumoconiosis were detected. Their average age at the time of diagnosis was 43.5 years, and the average period of service 20.8 years (range 10-30 years).
When the third round came around in 1993, 13 of the 14 workers with graphite pneumoconiosis had already retired. Only one worker who was diagnosed in 1975 and thereafter provided with surface work remained in service in 1993, and his radiographic status remained unchanged. The only new case detected in 1993 was 50 years old, and had been an underground miner for 30 years.
A total of 18 workers with graphite pneumoconiosis was diagnosed in the three rounds. At the time of diagnosis, each had served an average of 20.8 years. Fifteen of them were underground workers, while three were mill workers.
As expected, the highest prevalence of previously undiagnosed cases of graphite pneumoconiosis, namely 2.8% was in 1987 when the first ever radiographic survey was carried out in the mine. This figure represents the accumulated total of cases during the pre-1987 period. In 1993, the prevalence of new cases was only 0.4% (Table 3) . As regards the five new cases detected in 1990 and 1993, the time of development of graphite pneumoconiosis could be fixed within the narrow limits of three years. The average period of exposure was 22.6 years.
DISCUSSION
There have been only two past studies on the prevalence of graphite pneumoconiosis in Sri Lanka. In 1948, radiographic lesions were found in 15 (30%) of the 50 underground miners x-rayed. 2 In the other survey conducted in 1972 in Kahatagaha mine, 78 (22.7%) of the 344 workers examined had radiographic lesions. 4 The 1987 round of the present survey showed a prevalence of only 2.8%. The 1972 and 1987 surveys were comparable in design, but were carried out in two different mines, and therefore the inference that the prevalence had declined over the 15 years could only be tentative. 8 However, at the conclusion of the three rounds of the present survey where workers at the same mine were successively examined, it was apparent that the prevalence of radiographic lesions had markedly declined in recent years. This is a considerable achievement for Sri Lanka where the industry had acquired a notoriety for its hazards to workers.
One of the important contributory factors for this declining prevalence was the installation of several dust control measures in the mine. Shortly after the mines in Sri Lanka were nationalized in 1973, the new management introduced these measures. The drill used for boring shot holes in the underground rock and graphite veins was equipped with high pressure water jets which acting through the drill bit suppressed the dust generated during the procedure. Exhaust fans were fitted at various depths of the mine in order to extract the dust-laden air to the surface. The system of pumping compressed air into the mine was improved. Water was sprayed continuously on rock and graphite surfaces during mining operations. 8 Dust levels done at Bogala mine in 1984 showed that the concentration of respirable dust in various parts of the mine ranged from 1.78-4.38 mg/m 3 . The silica content varied from 2.80-3.76%.' In the USA the threshold limit for natural graphite was fixed at 2.5 mg/m 3 respirable dust, while that for coal was 2 mg/m 3 . 10 The approximation of the dust levels at Bogala mine to this threshold value, as well as the low silica content may explain the reduced prevalence of new cases of graphite pneumoconiosis at the mine.
Exposure to graphite dust is associated with a higher risk of developing pulmonary tuberculosis. 11 In 1974, five (1.5%) cases of active pulmonary tuberculosis were detected in 332 graphite workers. 12 In the 1987 round of the present study, 13 workers were suspected of having pulmonary tuberculosis ( Table 2 ). Six of them had active pulmonary tuberculosis and admitted to hospital for treatment. In 1990 there was only one active case and none in 1993. The inference is that the risk of developing tuberculosis too had declined as a result of improved dust control measures.
In previous surveys in the graphite industry, the minimum period of exposure necessary for the development of graphite pneumoconiosis was fixed after cross-sectional studies. In 1972, it was 21 years in Sri Lanka, 4 while that for any study was 5.5 years. 6 The present survey, being a prospective one, provides this information more accurately. Four new cases were detected in 1990 and one in 1993, and at the time of diagnosis they had served for an average of 22.6 years. The speed of development of the disease is likely to vary from mine to mine and country to country, and the factors that would influence this would include respirable dust levels and silica content of the dust.
In the five cases that developed graphite pneumoconiosis in the course of the study, lesions first appeared in the right lung in three, while the disease was bilateral in the other two. In fact, in all the affected workers discovered in the three rounds, the right lung was affected either singly (five cases) or in combination with the left lung (13 cases). The evidence from the present study suggests that the earliest changes were likely to occur in the right lung rather than the left.
